Characterization of EUV Mirror Capping Layers with Angle-resolved XPS
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Abstract Angle Resolved B,C Si Spectra :
Since the photon energy of EUV light exceeds the band gap of all materials ) : P 2.onm Ru Cajppmg La)_/er
used in refractive optics, it is necessary to use reflective optics when performing | UV/DIW Cleaning Experiment
EUV lithography. These mirrors consist of Si/Mo stacks and have a protective ] P e e ] PRI H AT ] H e I -
capping layer. Upon exposure to air, oxidation of the capping layer and | _ | 0 e Wf N2
diffusion of oxygen through the capping layer to the outermost Si layer may o] * * o] ' ' : : o L
occur. In addition, Si may diffuse through the capping layer to the surface, - -
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resulting in a surface SiOx layer. The presence of oxygen will result In
absorption of EUV radiation and distortion of the image. In this study, angle-

resolved XPS measurements were performed on mirrors with capping layers of B o B e
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the elemental composition of the mirror. Our results indicate that for Ru Cleaned 5x 5X Cleaned
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capping layers that have a thickness of 2.5 nm, Si diffusion to the surface occurs B _W_\A_»‘/\\M ] __MN_AN\/\\M

at room temperature. Annealing the mirror was found to enhance the diffusion T A - . L I . A . A
rate. For mirrors with a B4C capping layer, very little Si diffusion was

observed at room temperature. After annealing the B4C mirrors to 250°C, only
a slight amount of Si diffusion was observed.
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then Annealed

B,C Is a robust capping layer. Neither heat nor time result in significant Si diffusion
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« The 1 nm of B,C on top of 2.5nm Ru offers some protection, though it may be
due to the total thickness of the capping layer

may be due to the total thickness of the capping layer \ /
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lattice spacing close to that of half the wavelength of 13.5 nm
light. Additionally, the components of the two layers must not
significantly diffuse into one another. For our experiment,
forty alternating layers of silicon and molybdenum of about
3.5 nm thickness were used. In addition, a 2.5 nm capping
layer of ruthenium was deposited to prevent the oxidation of
the top layer of silicon, and to act as an etch stop for the Si3.5nm
development of a reflective mask.
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